Innovation, Efficiency and the Quantitative and Qualitative Demand for Labor by Maier, H.
Innovation, Efficiency and the 






Maier, H. (1980) Innovation, Efficiency and the Quantitative and Qualitative Demand for Labor. IIASA Working Paper. 
Copyright © 1980 by the author(s). http://pure.iiasa.ac.at/1331/ 
Working Papers on work of the International Institute for Applied Systems Analysis receive only limited review. Views or 
opinions expressed herein do not necessarily represent those of the Institute, its National Member Organizations, or other 
organizations supporting the work. All rights reserved. Permission to make digital or hard copies of all or part of this work 
for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial 
advantage. All copies must bear this notice and the full citation on the first page. For other purposes, to republish, to post on 
servers or to redistribute to lists, permission must be sought by contacting repository@iiasa.ac.at 
NOT FOR QUOTATION 
WITHOUT THE PER- 
MISSION OF THE 
AUTHOR 
INNOVATION, EFFICIENCY AND THE QUANTITATIVE 




Working Papers are interim reports on the work of the 
International Institute for Applied Systems Analysis 
and have received only limited review. Views or 
opinions expressed herein do not necessarily repre- 
sent those of the Institute or of its National Mem- 
ber Organizations 
INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS, 
A-2361 Laxenburg, Austria. 
I n n o v a t i o n ,  E f f i c i e n c y  and t h e  Q u a n t i t a t i v e  
and Q u a l i t a t i v e  Demand f o r  Labour 
Harry  Maier  
INTRODUCTION 
I n  t h e  p a s t  few y e a r s  t h e  main concern  o f  t h e  e c o n o m i s t ' s  
a n a l y t i c a l  work h a s  been more t h e  b e t t e r  u s e  o f  n a t u r a l  re- 
s o u r c e s ,  r a t h e r  t h a n  t h a t  o f  human r e s o u r c e s .  Most o f  u s e  a r e  
more immedia te ly  concerned a b o u t  t h e  s h o r t a g e  o f  ene rgy  t h a n  
a b o u t  t h e  s h o r t a g e  o f  i d e a s ,  and t h e  i n d i v i d u a l  and i n s t i t u -  
t i o n a l  c a p a b i l i t i e s  t o  overcome t h i s  s h o r t a g e .  But m c s t  o f  o u r  
n a t u r a l  r e s o u r c e  p r o b l e r s  a r e  o n l y  a  r e f l e c t i o n  of d e e p e r  
problems,  problems o c c u r i n g  t h r o u g h  a  s i g n i f i c a n t  l a c k  o f  
s o c i a l  and t e c h n o l o g i c a l  i n n o v a t i o n  which h i n d e r s  t h e  capab- 
i l i t y  o f  human b e i n g s  t o  s o l v e  t h e  problems t h a t  a r e  f a c i n g  
u s  a t  t h e  p r e s e n t  t i m e .  T h i s  i s  why t h e  r e l a t i o n s h i p  between 
human r e s o u r c e s  and s o c i a l  and t e c h n o l o g i c a l  i n n o v a t i o n  i s  s o  
c r i t i c a l .  T h i s  r e l a t i o n s h i p  i s  c u r r e n t l y  c h a l l e n g e d  th rough  
t h e  f o l l o w i n g  i s s u e s :  
1 .  The growing imba lance  between n a t u r a l  and human 
r e s o u r c e s  i n  d i f f e r e n t  wor ld  r e g i o n s .  
2 .  The inadequacy o f  t echno logy  f o r  t h e  b e t t e r  u s e  
o f  human r e s o u r c e s ,  e s p e c i a l l y  i n  t h e  d e v e l o p i n g  
c o u n t r i e s .  
3 .  The s o c i a l  i n a b i l i t y  t o  c o o r d i n a t e  t h e  i n n o v a t i o n  
c y c l e  o f  b a s i c  and improvement i n n o v a t i o n s  a s  
b a r r i e r s  f o r  t h e  b e t t e r  u s e  o f  human r e s o u r c e s .  
4 .  The n e c e s s i t y  t o  improve t h e  q u a l i t y  o f  human 
r e s o u r c e s  and t o  c r e a t e  t h e  r i g h t  c o n d i t i o n s  
f o r  t h e i r  b e t t e r  u s e  (H.Maier, 1 9 7 9 )  . 
This paper  would l i k e  t o  focus  on t h e  fol lowing t h r e e  
problems : 
1 .  Innova t ion ,  human r e sou rces  and e f f i c i e n c y .  
2 .  Innovat ion and t h e  employment e f f e c t  of investment .  
3 .  Improvement i n  t h e  q u a l i t y  of human r e sou rces  and 
t h e i r  . b e t t e r  use .  
INNOVATION, HUMAN RESOURCES AND EFFICIENCY 
The i n f l u e n c e  o f  innova t ion  on t h e  q u a n t i t a t i v e  and 
q u a l i t a t i v e  requirements  of  t h e  l a b o r  f o r c e  has  been s t u d i e d ,  
e s p e c i a l l y  i n  t h e  p a s t ,  from t h e  p o i n t  of  view of  t h e  r e l a -  
t i o n s h i p  between automation and human r e sou rces .  This  i s  one 
o f  t h e  reasons  f o r  t h e  domination o f  a one-sided o r  contro-  
v e r s i a l  approach i n  t h i s  f i e l d .  
A b e t t e r  unders tanding of  t h e  r e l a t i o n s h i p  between inno- 
v a t i o n  and t h e  development of q u a n t i t a t i v e  and q u a l i t a t i v e  
requirements ,  r e q u i r e s  a deeper  unders tanding of  t h e  innova t ion  
p roces s ,  e s p e c i a l l y  t h e  i n t e r l i n k a g e s  between innova t ion  and 
e f f i c i e n c y .  For t h i s  purpose,  w e  have developed,  w i t h i n  t h e  
innova t ion  group of t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Applied 
Systems Analys i s ,  a  r e s e a r c h  i n s t i t u t e  which i n c l u d e s  r e s e a r c h e r s  
from market  economies and s o c i a l i s t  c o u n t r i e s ,  t h e  fol lowing 
concept .  The focus  o f  o u r  approach i s  t h e  r e l a t i o n s h i p  - 
innova t ion ,  human r e sou rces  and e f f i c i e n c y .  I n  t h i s  c o n t e x t  
i t  i s  very h e l p f u l  t o  d i s t i n g u i s h  t h r e e  k inds  of  e f f i c i e n c i e s :  
Dynamic e f f i c i e n c y :  t h a t  i s  t h e  e f f i c i e n c y  of  t h e  
produc t ion  u n i t  t h a t  has  adopted 
t h e  innova t ion  (e ( i )  t)  . 
Average e f f i c i e n c y :  t h a t  i s  t h e  e f f i c i e n c y  of  t h e  
e n t i r e  p roduc t ion  f i e l d  (z( t)) .  
R e l a t i v e  e f f i c i e n c y :  t h a t  i s  t h e  e f f i c i e n c y  o f  t h e s e  
two k inds  of  e f f i c i e n c y  
Unfor tuna te ly ,  w e  have u n t i l  now no a p p r o p r i a t e  i n s t r u -  
ments t o  measure t h e  development of t h e  r e l a t i v e  e f f i c i e n c y  
o f  i n n o v a t i o n . i n a c l e a r  c u t  way. But, what we can do i s  t o  
look more c a r e f u l l y  a t  t h e  d i f f e r e n t  phases  through which t h e  
dynamic e f f i c i e n c y  i s  moving. I t  is  obvious  t h a t  t h e  r e l a -  
t i v e  e f f i c i e n c y  i s  changing dur ing  t h e  f i v e  phases  of t h e  
i nnova t ion  cyc l e :  t ake -o f f ,  r a p i d  growth, ma tu ra t ion ,  s a tu -  
r a t i o n ,  and crisis.  ( H .  Maier, H.-D. Haus te in ,  Innova t ion ,  
E f f i c i e n c y  Cycle and S t r a t e g y  I m p l i c a t i o n s ,  1980) .  Obviously 
t h e  management s i t u a t i o n  i s  a l s o  changing dur ing  t h i s  t i m e .  
One o f  t h e  most i m p o r t a n t  f a c t o r s  of  t h i s  change i s  t h e  change 
i n  r e q u i r e m e n t s  f o r  t h e  q u a l i t y  and q u a n t i t y  of  t h e  l a b o r  
f o r c e .  
I t  i s  n o t  p o s s i b l e  t o  e x p l a i n  i n  d e t a i l  t h e  a p p l i c a t i o n  
o f  t h i s  model i n  d i f f e r e n t  i n d u s t r i e s  and c o u n t r i e s .  However, 
maybe t h e  most i m p o r t a n t  t h i n g  w e  can  l e a r n  from t h e  r e l a t i v e  
e f f i c i e n c y  c o n c e p t  i s  t h e  impor tance  o f  making a d i f f e r e n c e  
between b a s i c ,  improvement and pseudo- innova t ion  (H.-D. Haus te in  
and H .  Maier, 1 9 8 0 ) .  
B a s i c  i n n o v a t i o n s  are i n n o v a t i o n s  which create a new 
e f f i c i e n c y  p o t e n t i a l ,  and open new f i e l d s  and d i r e c t i o n s  f o r  
economic a c t i v i t i e s .  The main f u n c t i o n  o f  improvement inno- 
v a t i o n s  i s  t h e  a b s o r p t i o n  o f  t h i s  e f f i c i e n c y  p o t e n t i a l  th rough  
b a l a n c i n g  and improving t h e  g i v e n  sys tem.  Most o f  them a r e  
i n c r e m e n t a l  i n n o v a t i o n s .  The improvement i n n o v a t i o n  becomes a  
pseudo- innova t ion  a t  t h e  p o i n t  where it is u n a b l e  t o  s e c u r e  
h i g h e r  e f f i c i e n c y  o f  t h e  p r o d u c t i o n  u n i t  t h a n  t h e  a v e r a g e  
e f f i c i e n c y  o f  t h e  whole sys tem.  
W e  a r e  t r y i n g  t o  p rove  o u r  h y p o t h e s i s  a b o u t  t h e  impor tance  
o f  d i f f e r e n t  k i n d s  o f  i n n o v a t i o n s  w i t h  t h e  h e l p  o f  e m p i r i c a l  
d a t a .  For  t h e  purpose  o f  t h i s  p a p e r  o u r  f i n d i n g s  a b o u t  t h e  
employment and p r o d u c t i v i t y  e f f e c t  of  t h e  d i f f e r e n t  k i n d s  o f  
i n n o v a t i o n  w e r e  e s p e c i a l l y  r e v e a l i n g .  W e  can  i d e n t i f y  t h e  two 
e f f e c t s  w i t h  t h e  h e l p  o f  d a t a  g a t h e r e d  from t h e  " I n s t i t u t  f u r  
A r b e i t s m a r k t  und B e r u f s f o r s c h u n g "  i n  Narnberg,  F e d e r a l  Republ ic  
o f  Germany. T h i s  i s  d a t a  from 2266 t e c h n o l o g i c a l  changes  
w i t h i n  909 f i r m s  from 4 i n d u s t r i a l  b r a n c h e s  ( p l a s t i c s ,  me ta l -  
work i n d u s t r y ,  food  i n d u s t r y ,  wood and f u r n i t u r e  i n d u s t r y )  i n  
t h e  F e d e r a l  Repub l i c  o f  Germany d u r i n g  t h e  p e r i o d  1970-1973. 
( W .  D o s t e l ,  G. Lahner ,  and E.  U l r i c h ,  1977. )  By t h e  employ- 
ment e f f e c t  o f  i n n o v a t i o n  w e  mean t h e  r e l a t i o n s h i p  between 
c r e a t e d  and e l i m i n a t e d  working p l a c e s  due  t o  t e c h n o l o g i c a l  
change.  The p r o d u c t i v i t y  e f f e c t  is  t h e  c o n t r i b u t i o n  o f  t h e  
d i f f e r e n t  k i n d s  o f  i n n o v a t i o n  t o  l a b o r  p r o d u c t i i v t y  growth due 
t o  t e c h n o l o g i c a l  change.  
F i g u r e  1 d e m o n s t r a t e s  t h a t  b a s i c  and major  improvement 
i n n o v a t i o n  have t h e  h i g h e s t  employment e f f e c t  and a h i g h  con- 
t r i b u t i o n  t o  p r o d u c t i v i t y  growth t o o .  Among them t h e  implem- 
e n t a t i o n  o f  new p r o d u c t s  had t h e  h i g h e s t  employment e f f e c t .  
I t  c r e a t e d  31.7 t i m e s  more new working p l a c e s  t h a n  it e l i m i n -  
a t e d .  But  t h i s  c o n t r i b u t i o n  t o  l a b o r  p r o d u c t i v i t y  growth due  
t o  t e c h n o l o g i c a l  g rowth .was  r e l a t i v e l y  low - o n l y  2.4%. T h i s  
i s  a  t y p i c a l  a c t i v i t y  i n  t h e  t ake -o f f  s t a g e  o f  t h e  i n n o v a t i o n  
c y c l e .  The e x t e n s i o n  o f  i n n o v a t i o n s  - an a c t i v i t y  i n  t h e  
r a p i d  growth s t a g e  of t h e  i n n o v a t i o n  c y c l e  - i s  a b l e  t o  con- 
t r i b u t e  s i g n i f i c a n t l y  t o  l a b o r  p r o d u c t i v i t y  growth ( 2 9 . 6 % )  
and i s  a l s o  a b l e  t o  s e c u r e  a h i g h  employment e f f e c t  ( 1 2 . 6 ~ ) .  
The major  improvement i n  t h e  q u a l i t y  o f  t h e  p r o d u c t  h a s  been 
a b l e  t o  c o n t r i b u t e  t o  l a b o r  p r o d u c t i v i t y  growth by 6.81 and 
t o  c r e a t e  5.9 t i m e s  more working p l a c e s  t h a n  it e l i m i n a t e d .  
I t  i s  i m p o r t a n t  t o  real ise  t h a t  b a s i c  i n n o v a t i o n  is  d o i n g  b o t h ,  
i .e .  c r e a t i n g  many more working p l a c e s  t h a n  any o t h e r  t y p e  o f  
t e c h n i c a l  change and c o n t r i b u t i n g  s i g n i f i c a n t l y  t o  p r o d u c t i v -  
i t y  growth.  
E m p l o y m e n t  e f f e c t  
.-~abour p r o d u c t i v i t y  e f f e c t  
! I EX Q C TFI S T .  ssp WC R SQ 
B a s i c  & Major  Improvement and i n c r e m e n t a l  I n c r e m e n t a l  and 
improvement i n n o v a t i o n  p s e u d o - i n n o v a t i o n  
i n n o v a t  i o n  
I: i m p l e m e n t a t i o n  o f  new p r o d u c t s .  Ex: e x t e n s i o n  o f  c a p a c i t y .  Q:  new q u a l i t y  o f  p r o d u c t s .  
C: c o s t  r e d u c t i o n  i n n o v a t i o n .  I E  : improvement o f  e f f i c i e n c y .  SL: reduction on shortage of labor. 
SSP: r e d u c t i o n  o n  s h o r t a g e  of  s p a c e .  W c :  improvement o f  working  c o n d i t i o n s .  
R :  r e p l a c e m e n t  o f  p r o d u c t  equipment .  S O :  s h o r t a g e  o f  o r d e r s .  
F i g u r e  1. Employment e f f e c t  and l a b o r  p r o d u c t i v i t y  e f f e c t  o f  d i f f e r e n t  k i n d s  o f  i n n o v a t i o n  
( r e s u l t s  o f  a n  i n v e s t i g a t i o n  o f  2260 t e c h n o l o g i c a l  c h a n g e s  w i t h i n  909 f i r m s  i n  
4 b r a n c h e s  o f  i n d u s t r y  i n  t h e  F e d e r a l  R e p u b l i c  o f  Germany) 
Improvement i n n o v a t i o n s  devo ted  t o  c o s t  r e d u c t i o n  have 
n a t u r a l l y  t h e  h i g h e s t  c o n t r i b u t i o n  t o  l a b o r  p r o d u c t i v i t y  growth 
( 4 9 . 8 % ) ,  b u t  t h e y  a r e  t h e  s t a r t i n g  p o i n t  from which t h e  employ- 
ment e f f e c t  i s  becoming n e g a t i v e .  They e l i m i n a t e d  1 . 4  t i m e s  
more working p l a c e s  t h a n  t h e y  w e r e  a b l e  t o  create. Only i n  
t h e  c a s e  o f  improvement o f  working c o n d i t i o n s  and p r o d u c t i o n  
s p a c e  i s  t h e  employment e f f e c t  becoming p o s i t i v e  a g a i n ,  f o r  
obv ious  r e a s o n s .  
But  i n  o t h e r  t y p e s  o f  t e c h n i c a l  change due  t o  medium 
improvement and i n c r e m e n t a l  i n n o v a t i o n ,  which o c c u r  i n  t h e  
f o u r t h  phase  o f  t h e  i n n o v a t i o n  c y c l e ,  t h e  employment and 
p r o d u c t i v i t y  e f f e c t s  a r e  v e r y  low. For  example,  t h e  s h o r t -  
term r e a c t i o n  o f  a  s h o r t a g e  of  workers  h a s  an employment 
e f f e c t  o f  o n l y  - 3 . 3  and a  p r o d u c t i v i t y  e f f e c t  o f  1 .4%.  
Tha t  p r o v e s  o u r  h y p o t h e s i s  t h a t  a  low employment e f f e c t  
i s  n o t  s o  much a  r e s u l t  o f  t h e  development  o f  l a b o r  produc- 
t i v i t y  - which i s  what  some o f  o u r  c o l l e a g u e s  have  c la imed  up 
t o  now - b u t  t h e  r e s u l t  o f  t h e  dominance o f  medium improvement 
and i n c r e m e n t a l  i n n o v a t i o n  i n  economic a c t i v i t i e s .  T h i s  can  
a l s o  e x p l a i n  why, a t  t h e  p r e s e n t  t i m e ,  some o f  t h e  i n d u s t r i a l l y  
developed c o u n t r i e s  a r e  f a c e d  w i t h  b o t h  a  d e c l i n e  i n  produc- 
t i v i t y  growth r a t e s  and a  h i g h  r a t e  o f  unemployment. 
INNOVATION, INVESTMENT AND THEIR EMPLOYMENT EFFECT 
The e x p l o r a t i o n  o f  t h e  c a u s e s  f o r  t h e  change i n  t h e  
q u a n t i t a t i v e  and q u a l i t a t i v e  demand f o r  human r e s o u r c e s  r e -  
q u i r e s  a  bet ter  u n d e r s t a n d i n g  o f  t h e  r e l a t i o n s h i p  between 
i n n o v a t i o n ,  i n v e s t m e n t  and employment. T h i s  l i n k a g e  i s  f a r  
from b e i n g  w e l l  unders tood .  I n  s e v e r a l  s t u d i e s  and s t a t e m e n t s  
w e  c a n  f i n d  a  v e r y  one-s ided  i n t e r p r e t a t i o n  o f  t h e  r e l a t i o n -  
s h i p  " I n v e s t m e n t a n d  Labor Demand". Peop le  u s u a l l y  assume 
t h a t  employment i s  o n l y  a  f u n c t i o n  o f  i n v e s t m e n t .  The s t a t e -  
ment is :  I f  w e  have enough i n v e s t m e n t  w e  w i l l  have enough 
work p l a c e s  o r  i f  w e  have t o o  many working p l a c e s  w e  need 
i n v e s t m e n t  t o  e l i m i n a t e  t h e  i n e f f i c i e n t  o n e s .  The recommenda- 
t i o n  f o r  government p o l i c y  i s  c o n s e q u e n t l y  t o  c r e a t e  t h e  con- 
d i t i o n s  f o r  h i g h e r  r e t u r n s  o n  i n v e s t m e n t .  But  it i s  dangerous  
t o  f o l l o w  b l i n d l y  such a  recommendation. 
The r e t u r n s  o n  i n v e s t m e n t  a r e  v e r y  much dependen t  o n  t h e  
e f f i c i e n c y  p o t e n t i a l  o f  i n n o v a t i o n  which i s  i n c o r p o r a t e d  i n  
i n v e s t m e n t .  The i n n o v a t i o n  which i s  i n c o r p o r a t e d  i n  i n v e s t -  
ment i s  a l s o  d i f f e r e n t  and h a s  d i f f e r e n t  employment e f f e c t s .  
Obvious ly  w e  have t o  d i f f e r  between two k i n d s  o f  i n n o v a t i o n :  
- I n n o v a t i o n  which i s  d r i v e n  by i n v e s t m e n t .  T h i s  i s  
t h e  improvement and i n c r e m e n t a l  i n n o v a t i o n .  A s  F i g u r e  
1  shows t h e r e  i s  a n e g a t i v e  employment e f f e c t .  
- I n n o v a t i o n  which i s  d r i v i n g  i n v e s t m e n t .  T h i s  i s  b a s i c  
i n n o v a t i o n  which opens  new f i e l d s  f o r  i n v e s t m e n t  
a c t i v i t i e s  w i t h  h i g h e r  p o t e n t i a l  e f f i c i e n c y  rewards .  
According t o  o u r  e m p i r i c a l  f i n d i n g s  t h e  employment 
e f f e c t  i s  v e r y  h i g h  h e r e .  
Basic  i nnova t ions  which a r e  c r e a t i n g  a  new e f f i c i e n c y  
p o t e n t i a l  and open new f i e l d s  f o r  economic a c t i v i t i e s  a r e  
n a t u r a l l y  c l o s e l y  connected t o  ex t ens iona ry  investment.  Im- 
provement and incrementa l  innova t ions  a r e  more connected w i t h  
r a t i o n a l i z a t i o n  and replacement investment .  Obviously w e  
have seen  i n  t h e  l a s t  few y e a r s  i n  market  economies a  ve ry  
impor tan t  change i n  t h e  d i r e c t i o n  o f  investment .  Investment 
was d i r e c t e d  more and more towards improvement and rep lace-  
ment innova t ion  and no t  s o  much towards b a s i c  innova t ion .  
F igure  2 shows t h e  development o f  t h e  r e l a t i o n s h i p  between 
investment  and employment. The c a s e  o f  t h e  Fede ra l  Republic 
of Germany i s  h e r e  t y p i c a l  f o r  OECD c o u n t r i e s  ( G .  Mensch e t  
a l . ,  1 9 8 0 ) .  
In  t h e  European s o c i a l i s t  c o u n t r i e s  we have t h e  o p p o s i t e  
s i t u a t i o n .  Through h igh  demand f o r  i n d u s t r i a l  goods and h igh  
growth r a t e s  i n  i n d u s t r i a l  p roduc t ion ,  t h e r e  has  been a  g r e a t  
d e a l  of expansionary investment .  
However, t h e  demand f o r  h ighe r  f l e x i b i l i t y  and s t r u c -  
t u r a l  change c r e a t e  d i f f e r e n t  s i t u a t i o n s  i n  d i f f e r e n t  indus- 
tr ies.  Figure  3 shows us  t h e  s i t u a t i o n  i n  t h e  e n t i r e  GDR 
i n d u s t r y  and t h e  r a t h e r  d i f f e r e n t  s i t u a t i o n s  i n  t h e  t e x t i l e  
and e l ec t ro -eng inee r ing  i n d u s t r i e s  i n  t h e  GDR. The t e x t i l e  
i n d u s t r y  o f  t h e  GDR obviously  had a  h igh  s h a r e  of r a t i o n a l i z a -  
t i o n  investment  w i t h  a  s i g n i f i c a n t  r e l e a s e  i n  t h e  work f o r c e .  
I n  t h e  . e lec t ro-engineer ing  i n d u s t r y  t h e  expansionary i n v e s t -  
ments w e r e  dominant w i th  t h e  e f f e c t  o f  c r e a t i n g  a  l a r g e  number 
o f  work p l aces .  
A t  t h e  p r e s e n t  t ime,  t h e  process  o f  c r e a t i n g  work p l a c e s  
through t h e  i n f l u e n c e  o f  demand and e f f i c i e n c y  f a c t o r s  i n  t h e  
i n d u s t r i e s  o f  t h e  CMEA c o u n t r i e s ,  i s  h i g h e r  t han  t h e  e l imina-  
t i o n  e f f e c t  o f  working p l a c e s  through investment .  
The r e s u l t  of  t h i s  i s  t h a t  i n  s o c i a l i s t  c o u n t r i e s  l i k e  t h e  
GDR and CSSR w e  have a  s i g n i f i c a n t  s h o r t a g e  i n  t h e  l a b o r  f o r c e  
o r  many vacant  work p l a c e s .  For  t h i s  reason  t h e  d e s i r e  f o r  
improvement and r a t i o n a l i z a t i o n  innova t ion  i s  very high and 
t h e s e  c o u n t r i e s  a r e  t h e r e f o r e  t r y i n g  t o  i n c r e a s e  t h e  s h a r e  o f  
r a t i o n a l i z a t i o n  and replacement inees tment .  But t h i s  must be 
understood a s  a n  a t t empt  t o  s t r e n g t h e n  t h e  economic pe r fo r -  
mance o f  these c o u n t r i e s  and t o  improve t h e i r  c a p a b i l i t y  t o  
implement b a s i c ,  u r g e n t  i nnova t ions  i n  t h e  f i e l d s  of  energy,  
m i c r o e l e c t r o n i c s ,  machine-tool i n d u s t r y ,  e t c .  
Therefore ,  I t h i n k  it i s  dangerous t o  i gno re  both  t h e  
l i n k a g e  between expansionary,  r a t i o n a l i z a t i o n  and replacement 
investment  and t h e  l i nkages  between b a s i c ,  improvement and 
incrementa l  innova t ions .  Basic  i nnova t ions  a r e  p r e c o n d i t i o n s  
f o r  improvement i nnova t ion  and improvement i nnova t ions  c r e a t e  
t h e  economic power f o r  implementation o f  b a s i c  innova t ions .  
A p a r a l l e l  r e l a t i o n s h i p  e x i s t s  between expansionary i n v e s t -  
ment and r a t i o n a l i z a t i o n  investment .  Therefore  recommenda- 
t i o n s  which o n l y  p u t  emphasis on expansionary investment  wi th-  
o u t  t a k i n g  i n t o  account  t h e i r  i n t e r r e l a t i o n s h i p  and t h e i r  
l i n k a g e  t o  s p e c i a l  t ypes  o f  innova t ion  f a i l  bo g i v e  a p p r o p r i a t e  
Legend: A = I n 2 u s t r i a l  w o rk i n g  h o u r s  (10' k) 
I = Real I n d u s t r i a l  I n v e s t m e n t  (10' D?li  
E = I n d e x  o f  e x p a n s i o n a r y  i n v e s t n e n t  
R = Index o f  r a t i o n a l i z i n g  i n v e s t m e n t  
tJ = l a b o r  c a p a c i t y  u t i l i z a t i o n  ratio, based  
on 4 9  " f u l l  e n p l o y ~ . e n t  o v e r l o a d "  
F i g u r e  2 .  La bor  Hours  a n 2  R e a l  I n v e s t v e n t  C a p i t a l  I n p u t  i n  
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guidance  f o r  t h e  management o f  i n n o v a t i o n .  For  example,  t h e  
i n c r e a s e  i n  e x p a n s i o n a r y  i n v e s t m e n t  w i t h o u t  b a s i c  i n n o v a t i o n  
w i l l  have a n  a d v e r s e  e f f e c t  o n  t h e  e f f i c i e n c y  o f  i n v e s t m e n t  
and o n l y  a  s h o r t - t e r m  employment e f f e c t .  R a t i o n a l i z a t i o n  and 
r e p l a c e m e n t  i n v e s t m e n t  which a r e  n o t  connec ted  t o  improvement 
i n n o v a t i o n  a d o p t i n g  t h e  e f f i c i e n c y  p o t e n t i a l  c r e a t e d  by b a s i c  
i n n o v a t i o n ,  w i l l  make t h e  e x i s t i n g  work p l a c e s  v u l n e r a b l e  
a g a i n s t  any a t t a c k  from an i n n o v a t i v e  r i v a l  o r  w i l l  c r e a t e  
working p l a c e s  w i t h  lower  e f f i c i e n c y  which o n l y  e x i s t  because  
o f  t h e  p r o t e c t i o n  p o l i c y  o f  t h e  government.  
From t h e  n a t u r e  o f  t h e  i n n o v a t i o n  p r o c e s s  w e  can draw one  
c o n c l u s i o n :  To s e c u r e  t h e  b e t t e r  u s e  o f  human r e s o u r c e s  w e  
need e f f o r t s  t o  c o o r d i n a t e  t h e  i n n o v a t i o n  c y c l e .  I f  t h e  main 
i n d u s t r i e s  a r e  approach ing  t h e  s a t u r a t i o n  s t a g e  t h e n  t h e r e  w i l l  
n e c e s s a r i l y  b e  a  gap between t h e  e l i m i n a t i o n  o f  working p l a c e s  
and t h e  re-employment c a p a b i l i t y  o f  i n d u s t r y .  I t  i s  w i t h o u t  
d o u b t  t h a t  t h i s  i s  one  r e a s o n  f o r  t h e  employment problem i n  
some marke t  economies. T h a t  means t h a t  t h e  c y c l e  must b e  k e p t  
g o i n g .  
However, c o o r d i n a t i o n  of t h e  i n n o v a t i o n  c y c l e  c a l l s  f o r  
p l a n n i n g  and c o o r d i n a t i o n  o f  t h e  i n n o v a t i o n  p r o c e s s .  I n  t h i s  
way i n n o v a t i o n  p o l i c y  i s  becoming more and more u n i f i e d  w i t h  
s t r u c t u r a l  employment p o l i c y .  The s i t u a t i o n  i n  c o u n t r i e s  w i t h  
d i f f e r e n t  s o c i a l  sys tems  is  c e r t a i n l y  r a t h e r  d i f f e r e n t .  F o r  
example, t h e  European s o c i a l i s t  c o u n t r i e s  a r e  c u r r e n t l y  f a c e d  
w i t h  t h e  problem o f  p r o v i d i n g  a  h igh  r a t e  o f  r e l e a s e  of  man- 
power th rough  improvement and r a t i o n a l i z a t i o n  i n n o v a t i o n  a s  a  
p r e - c o n d i t i o n  of  i n n o v a t i o n  i n  t h e  f i e l d  o f  e n e r g y ,  micro-  
e l e c t r o n i c s  and t h e  machine tool  i n d u s t r y .  
THE IMPROVEMENT I N  THE QUALITY OF HUMAN RESOURCES AND THEIR 
BETTER USE 
Most of  t h e  i n d u s t r i a l i z e d  c o u n t r i e s  have  s e e n  a  s i g n i f -  
i c a n t  improvement i n  t h e  q u a l i t y  o f  human r e s o u r c e s  i n  t h e  l a s t  
two decades .  On one  s i d e  t h e  h i g h e r  q u a l i t y  o f  human r e s o u r c e s  
i s  a n  i m p o r t a n t  p r e - c o n d i t i o n  f o r  t e c h n o l o g i c a l  and s o c i a l  
i n n o v a t i o n s ,  and on t h e  o t h e r  s i d e  i t  i s  n o t  p o s s i b l e  t o  
approach  a  h i g h e r  q u a l i t y  o f  human r e s o u r c e s  w i t h o u t  s o c i a l  
and t e c h n o l o g i c a l  i n n o v a t i o n s .  The c r e a t i o n  of  s o c i a l  con- 
d i t i o n s  i n  which t h e  q u a l i t y  o f  human r e s o u r c e s  c a n  grow and 
become a  d e c i s i v e  s o c i a l  and economic f o r c e  i s  a  c r u c i a l  p o i n t  
f o r  t h e  f u r t h e r  s o c i a l  p r o g r e s s  o f  mankind. 
I n  t h e  economy o f  t h e  GDR f o r  example, t h e  q u o t a  o f  grad-  
u a t e s  from t e c h n i c a l  s c h o o l s  and u n i v e r s i t i e s  i n c r e a s e d  from 
6.7% o f  employees i n  1962 t o  17.2% i n  1977. During t h e  same 
p e r i o d  t h e  q u o t a  o f  s k i l l e d  workers  and foremen r o s e  from 
33.6% t o  48.2% and t h e  q u o t a  o f  s e m i - s k i l l e d  and  u n s k i l l e d  
workers  d e c l i n e d  from 59.6% t o  24.6%. 
I t  can b e  f o r e s e e n  t h a t  up t o  t h e  end o f  t h i s  c e n t u r y  t h e  
q u o t a  o f  g r a d u a t e s  o f  t e c h n i c a l  s c h o o l s  and u n i v e r s i t i e s  w i l l  
i n c r e a s e  t o  a b o u t  20-25%, t h e  q u o t a  of  s k i l l e d  workers  t o  abou t  
65%. The q u o t a  o f  s e m i - s k i l l e d  and u n s k i l l e d  workers  w i l l  de- 
c r e a s e  t o  a b o u t  10-15% (Korn and Maier ,  1977) .  See  F i g u r e  4 .  
T h e r e f o r e ,  t o d a y ' s  e d u c a t i o n a l  o u t l a y s  a r e  by no means o f  
s l i g h t  impor tance  when it comes t o  t h e  d i s t r i b u t i o n  o f  n a t i o n a l  
income, a s  was a c t u a l l y  t h e  c a s e  even i n  t h e  developed indus -  
t r i a l  c o u n t r i e s  a t  t h e  b e g i n n i n g  o f  t h i s  c e n t u r y .  A t  t h a t  t i m e ,  
t h e y  amounted t o  o n l y  1  t o  2  p e r c e n t  o f  n a t i o n a l  income, b u t  
today  i n  c o u n t r i e s  l i k e  t h e  GDR, 5-7 p e r c e n t  o f  n a t i o n a l  income 
i s  devo ted  t o  e d u c a t i o n  (see Table  1 ) .  
The i n c r e a s i n g  impor tance  o f  q u a l i f i e d  l a b o r  i n  t h e  pro-  
d u c t i o n  p r o c e s s  can  b e  s e e n  i n  t h e  r i s i n g  volume o f  e d u c a t i o n a l  
f u n d s  (human c a p i t a l )  i n  t h e  GDR economy. The e d u c a t i o n a l  funds  
(human c a p i t a l )  a r e  t h e  expenses  o f  s o c i e t y  f o r  e d u c a t i o n  and 
q u a l i f i c a t i o n s ,  m a t e r i a l i z e d  i n  t h e  q u a l i f i c a t i o n  l e v e l  o f  em- 
p l o y e e s .  The e d u c a t i o n a l  f u n d s  i n  t h e  GDR i n c r e a s e d  from 66.5 
b i l l i o n  marks i n  1962 t o  a n  amount o f  150.8 b i l l i o n  marks i n  
1975. T h a t  i s  a b o u t  one  q u a r t e r  o f  t h e  f u n d s  o f  f i x e d  a s s e t s  
( m a t e r i a l  c a p i t a l )  o f  t o d a y ' s  GDR economy (see F i g u r e  5 ) .  
I n  t h e  p e r i o d  between 1962 and 1975 t h e  growth r a t e  of  
e d u c a t i o n a l  f u n d s  (human c a p i t a l )  was e s s e n t i a l l y  h i g h e r  t h a n  
t h a t  o f  t h e  f u n d s  o f  f i x e d  a s s e t s  ( m a t e r i a l  c a p i t a l ) .  During 
t h i s  t i m e  t h e  e d u c a t i o n a l  f u n d s  i n c r e a s e d  t o  an  amount o f  227%, 
compared w i t h  an i n c r e a s e  o f  165% o f  t h e  f u n d s  o f  f i x e d  a s s e t s .  
The r e s e a r c h  funds  i n  t h e  m a t e r i a l  s p h e r e  - t h e  r e s e a r c h  ex- 
p e n s e s  m a t e r i a l i z e d  i n  t h e  s c i e n t i f i c  l e v e l  o f  p r o d u c t i o n  - in -  
c r e a s e d  t o  a n  amount o f  333.5%. E d u c a t i o n a l  f u n d s ,  p r o d u c t i o n  
f u n d s ,  and r e s e a r c h  funds  a r e  t h e  t e c h n o l o g i c a l  f u n d s  o f  a  s o c i -  
e t y ,  which g a i n  more and more impor tance  f o r  t h e  s c i e n t i f i c -  
t e c h n i c a l  r e v o l u t i o n .  I n  1972 t h e  t e c h n o l o g i c a l  f u n d s  o f  t h e  
GDR c o n s i s t e d  o f  73% p r o d u c t i o n  f u n d s ,  21% e d u c a t i o n a l  f u n d s ,  
and  6% r e s e a r c h  funds  (see F i g u r e  6 ) .  
The n e c e s s i t y  t o  e x t e n d  t h e  t e c h n o l o g i c a l  f u n d s ,  a b s o r b s  
53% o f  t h e  i n c r e a s e  of  l a b o r  p r o d u c t i v i t y  d u r i n g  t h e  1960-1975 
t i m e  p e r i o d ,  b u t  47% was a v a i l a b l e  f o r  improvement o f  t h e  l a b o r  
payment, s o c i a l  and c u l t u r a l  e x p e n d i t u r e  and o t h e r  governmenta l  
a c t i v i t i e s .  
C u r r e n t l y  i n  t h e  i n d u s t r i a l i z e d  c o u n t r i e s ,  each  p e r c e n t a g e  
o f  t h e  l a b o r  p r o d u c t i v i t y  growth i s  c o n n e c t e d  w i t h  t h e  e x t e n s i o n  
o f  t echno logy  f u n d s .  T h i s  is due  t o  t h e  f a c t  t h a t  up u n t i l  now 
t h e  development  o f  t e c h n o l o g i c a l  funds  h a s  been i n  t h e  e x t e n s i o n -  
a r y  phase  o f  development .  I n  o t h e r  words,  t h a t  e a c h  improvement 
o f  l a b o r  p r o d u c t i v i t y  needed a n  e x t e n s i o n  o f  i n v e s t m e n t ,  occupa- 
t i o n a l  funds  and r e s e a r c h  funds .  During t h e  t i m e  p e r i o d  o f  1960- 
1975, t h e  l a b o r  p r o d u c t i v i t y  i n c r e a s e d  by I % ,  i n  c o n n e c t i o n  w i t h  
t h e  e x t e n s i o n  o f  p r o d u c t i o n  f u n d s  by 1.25%, t h e  o c c u p a t i o n a l  ed- 
u c a t i o n  f u n d s  by 1.35% and t h e  r e s e a r c h  funds  by 5.35%. 
O c c u p a t i o n a l  e d u c a t i o n  f u n d s  i n c l u d e d  t h e  e x p e n d i t u r e  f o r  
o c c u p a t i o n a l  and p r o f e s s i o n a l  t r a i n i n g ,  b u t  n o t  t h e  e x p e n d i t u r e  
f o r  t h e  genera l .  e d u c a t i o n .  The o c c u p a t i o n a l  funds  were o n l y  a  
p a r t  o f '  t h e  e n t i r e  e d u c a t i o n a l  funds .  F o r  example, i n  1975,  t h e  

Table 1. Development of public expenditure on education. as percent of gross national income 
(market economies) or national income (planned economies). 
COUNTRY 1 9 5 5  1 9 6 0  1 9 6 5  1 9 7 0  1 9 7 5  
Planned economies 
2  1. BULGARIA 2.8  5 .0  4 . 5  4.9 5 . 3  4  5  
2 .  CZECHOSLOVAKIA - 4.2 5 .3  4.4 4.5 5  
3. GDR1 4.7 5.1 5 .1  5 .3  5 .8  
4. POLAND 3 .7  4 .6  3 .8  3 .6  4 . 0  3  
5.  USSR 5.8  5 .9  7 .3  6 .8  7 . 2  
6.  HUNGARY 5.0  4.4 5.4 4 .5  5 .6  2  5  
Market economies 
1.  Austria 4.0 3.7 3.7 4.6 5 .7  
2 .  France 2.0  3 .4  4 .2  4 .7  5 .6  
3 .  FRG 3.5 3 .7  3 .4  4 .0  4 . 5  5  
4. Italy 2.5  3 .9  5.2 4 .3  5.0 
5.  U.K. 3 .2  4 .2  5.1 5 .0  6 .2  5  
6.  Japan 6.1 6.5 4.3 3 .9  5.5 
7 .  U.S.A. 4.0 6.2 5.3 6.4 6 .2  
8.  Sweden 2.6 4.5 6 .2  7 . 7  7 .4  
1  = without investment; 2  = 1954 ;  3  = 1 9 5 4  estimate; 4  = 1961 ;  5  = 1 9 7 2 .  
Source: Unesco Statistical Yesr Book 1 9 6 3  - 1977 ,  Paris, Jahrbuch der DDR, ~ocznik Statysty czny 
VR Polen, Norodnoje chozjaistvo SSSR 
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F i g u r e  5.  Development o f  e d u c a t i o n  f u n d s  (human c a p i t a l )  and funds  
o f  f i x e d  a s s e t s  ( m a t e r i a l  c a p i t a l )  i n  t h e  s o c i a l i s t  
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entire educational funds in the GDR were 110.556 million marks 
in the production sphere, but the occupational funds were only 
20.580 million marks. The occupational funds were included in 
the estimation as they related closer with the development of 
labor productiivty than with the entire educational funds. 
This does not mean, however, that there is no relation existing 
between general education and labor productivity growth. 
At the moment there does not exist in the industrial coun- 
tries any identification of a change in trend for the extension 
of technological funds, especially in reference to investment 
requirements in energy, environment, etc., skill and research 
requirements for the new fields of innovation, which are cited 
from the current resource situation and technological possibili- 
ties. This means that the extension of technological funds will 
also in the future be an important pre-condition for the impro- 
vement of labor productivity. 
The break of links between the labor productivity growth 
and the extension of technological funds, could only be the re- 
sult of the improvement of the efficiency of the technological 
funds themselves. This may well be one of the most important 
problems for the developing countries in the next 10-20 years 
in their battle for higher economic performance. A higher effi- 
ciency of technological funds could only be 'the result of higher 
innovations in the machinery/tool industry, the educational sys- 
tem and the efficiency of RED activities. 
Countries like the GDR, with a very fast improvement in the 
quality of human resources in the last two decades and with the 
possibility of an even higher improvement, are now faced with 
the problem of having to use the higher professional and occu- 
pational levels to increase innovativeness of production. 
In contemporary literature, there exists a bias which assumes 
that automation is the highest step of innovativeness and there- 
fore, skill requirements occuring through automation are typical 
for high innovative processes. 
Our innovation model pointed out that it is impossible to 
equate innovation with automation. Automation is a process which 
occurs in the maturation and saturation stages of the innovation 
cycle. That is why the skill requirements of the automation pro- 
cess are not typical for the entire innovation process. However, 
the different stages of mechanization and automation are connected 
with different skill requirements. In discussions, there is 
disagreement about the direction in which mechanization and auto- 
mation will shift the skill requirements. Theories about "de- 
skillization", higher skills, and polarization are being dis- 
cussed at the same time (see Figure 7). 
Our investigation about the impact of structural and tech- 
nological change could neither confirm Blauner's theory - accord- 
ing to which mechanized production requires low skills and auto- 
mated production higher skills - nor Bright's theory - according 
to which mechanized production requires high skills and automated 
production low skills. 
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Figure 7. Different Opinions from the Literature about the 
Influence of Mechanization/Automation on the 
Qualification Structure. 
I n s t e a d ,  it must be  assumed t h a t  t e c h n o l o g i c a l  and  s t r u c t u r a l  
change have  t h e  tendency t o  l e a d  t o  p o l a r i z a t i o n  o f  job  f u n c t i o n s  
and job r e q u i r e m e n t s  w i t h  a  growing dominance o f  h i g h e r  s k i l l s  
and knowledge r e q u i r e m e n t s .  On t h e  one  hand,  v e r y  s i m p l e  and  
u s u a l l y  monotonous j o b s  w e r e  c r e a t e d  on a lower  l e v e l ,  w h i l e  on 
t h e  o t h e r  hand,  a c t i v i t i e s  r e q u i r i n g  h i g h e r  s k i l l s  remained t h e  
same o r  w e r e  newly c r e a t e d  - by i n c r e a s i n g  t h e i r  impor tance .  
A t  t h e  same t i m e ,  t h e  p r o p o r t i o n  o f  complex a c t i v i t i e s  demanding 
a  medium l e v e l  of  q u a l i f i a c t i o n s  d e c l i n e d .  
I n  F i g u r e  8 ,  w e  have c o l l e c t e d  d a t a  a b o u t  r e q u i r e m e n t s  and 
e x i s t i n g  s k i l l s  i n  t h e  GDR i n d u s t r i e s  a c c o r d i n g  t o  t h e  d i f f e r e n t  
t e c h n o l o g i c a l  l e v e l s  o f  i n d u s t r i a l  p r o d u c t i o n .  ( T h i s  a n a l y s i s  
i n c l u d e s  more t h a n  2 .5  m i l l i o n  workers  o f  t h e  GDR - i . e . ,  more 
t h a n  50% o f  t h e  workers  i n v o l v e d  i n  p r o d u c t i o n  i n  t h e  GDR.)  The 
d a t a  shows u s  t h a t  w e  have,  e s p e c i a l l y  i n  t h e  p a r t l y  mechanized 
workplaces  ( T 2 ) ,  f u l l y  mechanized workp laces  (T3) and p a r t l y  
automated workp laces  (T4)  a  h i g h e r  s h a r e  o f  s k i l l e d  workers ,  t h a n  
from t h e  p u r e  t e c h n i c a l  p o i n t  o f  view seems t o  b e  n e c e s s a r y .  A t  
t h e  s a m e  t i m e  t h e r e  i s  a  s h o r t a g e  o f  s e m i - s k i l l e d  workers  and a  
s u r p l u s  o f  u n s k i l l e d  workers .  T h i s  l a s t  problem r e q u i r e s  t h e  
t r a i n i n g  o f  u n s k i l l e d  workers  t o  become s e m i s k i l l e d  workers .  I n  
t h e  GDR t h e r e  e x i s t  w e l l  e s t a b l i s h e d  p r o c e d u r e s  t o  d e a l  w i t h  t h i s  
problem. A more s e r i o u s  p r o b l e m i s  t h e  e x i s t e n c e  o f  a  problem 
which c o u l d  a t  t h e  f i r s t  g l a n c e  be  termed ' o v e r q u a l i f i c a t i o n ' .  
Does t h i s  s o - c a l l e d  ' o v e r q u a l i f i c a t i o n '  e x i s t ?  From o u r  p o i n t  
o f  view it i s  n o t  p o s s i b l e  t o  r e d u c e  t h e  s k i l l  r e q u i r e m e n t s  o n l y  
on t h e  l e v e l ,  which i s  n e c e s s a r y  from t h e  t e c h n i c a l  p o i n t  o f  
view. We must a l s o  t a k e  i n t o  accoun t  t h a t  a h i g h  p r o p o r t i o n  o f  
u n s k i l l e d  workers  c o u l d  be  a  momentum f o r  t h e  r e d u c t i o n  of  un- 
s k i l l e d  workers  and t h e  development of  new o p t i o n s  f o r  t h e  b e t t e r  
u s e  o f  s k i l l e d  workers  th rough  new o r g a n i z a t i o n a l  a r rangements  
and t h e  development o f  an  i n n o v a t i v e  movement o f  workers .  
However, it i s  n e c e s s a r y  t o  r e p e a t  t h a t  s k i l l  r e q u i r e m e n t s  
which o c c u r  a t  t h e  d i f f e r e n t  l e v e l s  o f  m e c h a n i z a t i o n  and a u t o -  
ma t ion  are n o t  e q u a l  w i t h  t h e  d i f f e r e n t  s t a g e s  o f  t h e  i n n o v a t i o n  
p r o c e s s .  Up u n t i l  now, t h e  change i n  s k i l l  r e q u i r e m e n t s  d u r i n g  
t h e  i n n o v a t i v e  p r o c e s s  was n o t  r e a l l y  i n v e s t i g a t e d .  T h i s  i s  a  
d i s a d v a n t a g e  f o r  b o t h  t h e  management o f  i n n o v a t i o n  p r o c e s s e s  and 
t h e  use  of  human r e s o u r c e s .  
I t  i s  t r u e  t h a t  o n l y  a  p a r t  o f  b a s i c  i n n o v a t i o n s  a r e  a b l e  
t o  t r i g g e r - o f f  t h e  development  o f  new o c c u p a t i o n s  which r e q u i r e  
new forms o f  e d u c a t i o n .  Most o c c u p a t i o n s  a r e  a b l e  t o  b roaden  
t h e i r  o u t l o o k  and make a p p r o p r i a t e  changes  w i t h i n  t h e  occupa- 
t i o n  p r o f i l e .  F l g u r e  9  shows t h e  f r e q u e n c y  o f  o c c u p a t i o n s  
c r e a t e d  i n  c o n n e c t i o n  w i t h  i n n o v a t i o n .  From 40 b a s i c  innova- 
t i o n s  i n  t h e  t ime  span  1680-1970 o n l y  13  have  been a b l e  t o  
t r i g g e r - o f f  p a r t i c u l a r  p r o f e s s i o n s  and o c c u p a t i o n s .  
New p r o f e s s i o n s  a r e  o n l y  a  s m a l l  p a r t  o f  t h e  e n t i r e  con- 
temporary  o c c u p a t i o n s .  I n  t h e  U.S. f o r  example, o n l y  3% of 
t h e  e n t i r e  o c c u p a t i o n s  were mos t ly  a b l e  t o  a d o p t  t h e  new s k i l l  
r e q u i r e m e n t s  w i t h i n  t h e  e x i s t i n g  o c c u p a t i o n .  T h i s  v e r y  much 
e c r i c h e s  t h e  f e a t u r e s  o f  t h e  e x i s t i n g  o c c u p a t i o n s  and changes  
t h e  i n t e r n a l  s t r u c t u r e  o f  t h e  o c c u p a t i o n .  T h i s  means t h a t  

vocational training is not challenged so much through the emer- 
gence of new occupations but through new requirements for and 
within existing occupations. This stresses the importance of 
in-service training. 
On the other hand, the educational and vocational system 
has always played an important role in the process of implemen- 
tation and diffusion of innovation. If we consider computer 
technology: Because of education activities which began in the 
late 1950's and the beginning of the 1960's in data processing, 
it was possible, very soon, to react to the technological break- 
throughs at the beginning of the 1970's and to significantly 
speed-up their implementation and diffusion. 
However, if we look at the change in the work content and 
skill requirements due to high innovative and low innovative 
technology, we will not find any significant differences. At 
IIASA we have tried to use the above mentioned data from 909 
firms from four industrial branches (plastics, wood and furni- 
ture, food and metalwork) of the Federal Republic of Germany 
for 2266 different technological changes from 1970 - 1973 to 
gain insights about the influence of high and low innovative 
processes on work content and skill requirements. Figures 10 
and 1 1  demonstrate the results of our investigation. Does this 
mean that higher skills, professional and vocational education 
are not so important for the innovation process? That would not 
be the correct conclusion from our findings. Our results only 
demonstrate that high professional and vocational training is 
a necessary, but not a sufficient condition, for innovation. 
But the better use of human resources is calling for a more 
detailed investigation of the different skill requirements in 
the particular stages of the innovation process. 
Based on the data presented above, we can assume that the 
following relationship exists (see Figure 12): That means in 
the Implementation Stase 
o highly skilled experts are decisive. These are people 
who have access to information necessary to implement 
the innovation and the capability to manage the tech- 
nological and organizational problems. Here the tech- 
nological and managerial skills are decisive. The open- 
ness of the organization and productive relationships 
between knowledge and power promoters are important 
pre-conditions. 
o very important in this stage are skilled workers with 
handicraft experience. That is why in this stage we 
have a domination of universal production equipment 
and very few process innovations to unify the produc- 
tion process. 
o through the low scale of the production process we 
have medium requirements for skilled and semi-skilled 
workers and a low employment effect. 
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V = Vertical Training 
Ve = Vocational experience 
Ro = Responsibility for own work 
Rp = Responsibility for the process 
Rs = Responsibility for the security of others 
?I = Mental stress 
P = Physical strain 
Figure 11 .  Impact of hiqh innovotive technological chanqe in the skill requirements of 
labor forc.es. 
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Rapid Growth S t a g e  
o  h i g h l y  s k i l l e d  e x p e r t s  ma in t a in  t h e i r  impor tance  t o  
overcome t h e  problems o f  e x t e n s i o n  o f  p r o d u c t i o n  and 
t h e  implementa t ion  o f  p roduc t  and p r o c e s s  improvements. 
o  t h e  e x t e n s i o n  o f  p roduc t i on  r e q u i r e s  more s p e c i a l i z e d  
p r o d u c t i o n  equipment,  th rough  which w e  have a  ve ry  h igh  
demand f o r  s k i l l e d  workers ,  s emi - sk i l l ed  workers  and a  
h i g h  employment e f f e c t .  
o  t h e  demand f o r  s k i l l e d  workers  w i t h  h a n d i c r a f t  ex- 
p e r i e n c e  i s  d e c r e a s i n g .  
Matura t ion  S t a g e  
o  h i g h  l e v e l  o f  mechan iza t ion  and automat ion.  
o  v e r y  h igh  demand f o r  s e m i - s k i l l e d  workers .  
o  h i g h  demand f o r  s k i l l e d  workers  
o  v e r y  low demand f o r  h i g h l y  s k i l l e d  e x p e r t s  
o  low o r  n e g a t i v e  employment e f f e c t .  
S a t u r a t i o n  Sta'ge 
o  automated and s t a n d a r d i z e d  p roduc t i on  p r o c e s s .  
o  h i g h  demand f o r  s k i l l e d  workers  and s e m i - s k i l l e d  
workers .  
o  low demand f o r  u n s k i l l e d  workers  
o  n e g a t i v e  employment e f f e c t .  
The l e s s o n  w e  can l e a r n  from o u r  f i n d i n g s  is  t h a t  it  i s  
p o i n t l e s s  t o  m a i n t a i n  a  h igh  s h a r e  o f  s k i l l e d  e x p e r t s  and 
expe r i enced  workers  when p r o d u c t i o n  i s  s h i f t i n g  from r a p i d  
growth t o  t h e  m a t u r a t i o n  and s a t u r a t i o n  s t a g e s .  It  i s  much 
b e t t e r  t o  u se  t h e s e  s k i l l e d  workers  f o r  t h e  p r e p a r t i o n  o f  new 
i n n o v a t i o n s ,  o t h e r w i s e  s o c i e t y  w i l l  w a s t e  t h e  most impor t an t  
r e s ou r ce :  The c r e a t i v e n e s s  o f  man. But t h i s  r e q u i r e s  h i g h  
f l e x i b i l i t y  i n  t h e  o r g a n i z a t i o n a l  p a t t e r n  and h igh  m o b i l i t y  
w i t h i n  t h e  l a b o r  f o r c e .  
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